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A ln ethod ispr es e nted fo rdete r min 111gthe optlC althicknes s of horiz o rlta lyinho m oge n e o u s
clo uds 丘o m r ene cted s olar radiatio n m e ast)r e m e nts. A fle wpara m ete r Ofeffe ctiv egradientis
de艮n edas a n obliqu e angle ofthepla n epar allel, Underthe assu mptlO nthat the effe ctiv eparticle
r adiu s ofclo udsis c o n sta ntin the cloud layer,the optic althickn ess and effe ctiv egradie ntofclo uds
in the indepellde nt plX els of s atellite s ce n e ca nbe determin ed &o m re鮎 ctio n 魚InCtio n
m eas u re m ents at w eak absorbing w av el ngth(O186LLm) and abs o rbing wav ele ngth(2･16叩コ1).
Applyingthis m ethodto La ndsatT M m e as ur 6 m e ntS, W e re COgn lZethatthe effe ctiv egr adie ntat
O･86LLm is s mallerthan at21 6トLm andthe effe ctiv egr adientra tiois estim atedtobe0.65 for n adir
vieふ withobliqu e s Ⅶ､(8o = 60
D
). By applyingthe effe ctiv egradie ntr atio to the obliqtLepla n e
par allel m odel,the analy$1SProvi des ago odestim ate ofthe opticalthicknessa ndeffe ctivegradierlt
ofclolld.
1n addit o nto La ndsatTM ITle aS u re m e ntS
,
an a n alysIS Ofthefo r w a rda nd ba ckw ardscattered
radiatio n丘eldofa&a ctalclo ud m odelis c arried o ut u slnga M o nteCarlo sim 11atiohs. Itis sho w n
that agood agr e e m entbetw e erL estim ates a nd origln als of the optic althickn ess ofclo ud c arlbe
obtain ed and the effectiv egr adie ntr atiois s m allerin theba ckw ard view a ndla rgerin thefo r w a rd
vie wthanin the n adir vie w.
1. lrltrOductio n
W he n the radiativ eproperties ofthe clo uds ar e m e as u red by uslnB the re m ote s en slng, it
c an notbedis regardthat thehoriz o ntallyinho m ogeneo u s ofthe clo ud e x erts theinnu e n c e o nthe
r adiatio n char acteristic ofthe clo ud. The res e arch of a qu alitativ e char a cter a nd a qu antitativ e
e v alu atio n oftheinho m oge n e o u s clo ud had de v eloped in tenyea rs re c e ntly(tito v1988, Galin sky
and Ra m a n atha n1 988 and Ore opo ulo s el al. 2000). Ho w ev er, bec a u s ethe par a m eter, which
qu a ntitativ elye v alu atedinho m ogen e otl$ Ofthe clo ud bythe r e m ote s e n slng, didn ot e xist, apla n e
par allelm odelof ho m oge n e o u s clo ud ke epsbeing u s ed at appliedstage asforthe clo ud. 111this
study,the obliqu epla n eparallelclo ud m odelis adopted, and a n e wpar a m ete r effe ctiv egr adie nt,
whichshow s clo ud inho m oge n eity, 1SProposed. And,it w asattemptedto re mo ve aninflue n ceof
the clo udinho rn ogen e o u s a ndtopre su m e opticalthickn ess ofthe clo ud by u slngtw o W av ele ngths,
wllich ar ethe w a v ele ngth witho ut absorptio nbythe clo uda nd withabs o rpt10 n. Tw ofe atu r es of
effe ctiv egradientar e asfollo w s, theBrst, effe ctiv egradie nt tiesdire ctlytheinbo m ogen eityofthe
clo udto the optlCaleffect , and the s e c o nd effe ctiv egradie nt c anbe m ea su r ed bythe s atellite
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re m ote S e n Slng.
chapter2descri besthe obliqu epla n eparalle clo11d 皿 Odel, a ndeffe ctiv egr adierltisde丘ned･
Theplan eparallelclo ud m odelis ?ppliedto the m e as u rem erltS OftheTM s elR;O r OfLands ats atellite,
optic althickness a nd effe ctiv egr adierlt ar ePres u m ed in t:hapte r3. h chapte r4, the radiatio n
c alculatio n
,
whichu s esthe M o nteCaTlo m ethod,isdo n e. The pres u mptio n ofoptical thickn ess and
effe ctiv egr adie nt whe nthe s atellite s e e sthe clobd fro m v ario u s anglesis attempted･ Chapter5
des cribe sthe s u mm aryand c o n sideratio n.
2. OI)liqtleplane parallelclotld m odeJ
W ede cidedtheplan eparallelclo ud m odeltobe u s ed as a m ethod ofsho w lng the r adiatio n
chara cteristics ofaninho m oge n e ollS Co ud･ 出o w e v er, whe nthe calc ulatio n v alu es w er c o mpared
wi th theLa nd5 atTM senso r 皿 e aS u re m e nt Valu e,it w as understo od thatbig ger t71e aS u r e m e nttha n
the calc ulatio n v alu e w as e a m ed. ln a w o rd, c o mbiningplarLePar allelclo ud m odels c arln Ot Sho w
the a ctu alradiation sc en e ofinho m oge n eo u s clo llds.
Next,it w a striedtoin clinethe plan eparallelclo ud皿 Odel in thedirection ofthe sun . Figure1
sho w sthe r esult of doingthe r adiatio n calculatio一1 Who s e clo uds m odelshav e s ola r z e nith angle60
degr ee, the s atellite n adir vie w lng angle 0 degr ee, clo ud optic althickne ss16･ Whe nthe plan e
paralelcloudin clin es at10 degr e eto thedir e ctio n ofsu n, 50 %ofthe a m o u nt ofthe radiatio nhas
in cr e as ed. T he str o ng refle ctedradia n c e, which c an n otbe sho wn bythe c alc ulatio n v alu e ofthe
plan epar allelclo ud m odelis e xpe ctedtobe ableto be sho w rlbyin clinirlgtheplalユePar allelclo ud
m odel. T hein cr e as e a nd de cr e as e ofthein cide n c e s u nlightis c a u s ed bythe s u rfa c e
l
s ofthe clo ud
in clin lng. T hefirstproble m whe nthe obliqu epla n epar allelclo ud m odelis appliedto the a ctu al
clo ud is that thein clinl ng Pa rt do e s n ot comin u ein丘mitely ln the a ctu al clo ud. The n,the both
n eighbo rho ods ofthein clin lng Clotld is a ss u m edtobe adj
'
a c e nt thele v elclo ud
,
a ndthehoriz o ntal
r adiatio nbudgeth thein clinlllgPartis e x amin ed, W he nthein clinatio n ofthe clo ud ispo sitiv e,the
hciden c e su nlightin c re a se s andthehorizontaltransportation ofthe r adiationin crea s es m ore than
a n adjoin lnglevelclo ud. T her efo re, the ho riz o ntal divergence of the r adiatio nis c aused a ndthe
r efle ctio nlightde cr e as es. Si mi larly, w he ntllein clin atio n ofthe clo ud is n egativ e, thehoriz o ntal
c o n v ergen c e ofthe r adiatio nis c a used a nd the renection lightincre a se s. T he re鮎 ctio nlight
in cr eas esbe ca u s e s ettlingthe radiatio n o c c u rshoriz o ntallyln respe ct, Whichin clin edsimi lary and
n egativ ely･ ltispo ssible to sho w･the char a cter ofthediv ergen c ea ndc o nvergen c e ofthe radiatio n
of horiz 8TItaldirectio nby redⅥ cingthein clin atio n of theplan epa rallelclo ud m odelm ore tha n an
actual inclin a土io n.
T he s e c o ndproble mis a n effe ctofabs orptionbythe cloud･ Thehorizontal m ov eddistance of
phot
■
o nbe c o m e ssm allinthe wa v elength with a str o ng abs o rptio n, a ndthe tr a n spo rtatio n of the
radiatio n ofhori2:Or[tal dire ctio n be co m es s n all･ T he refo re, the div e rgen c e and c o n v erge n c e of
r adiatio nbe co m e s s m all,in cr e asingand de cr ea singthe incide n c e s u nlightde cide r ene ctio nlight,
a ndthe c o rr e ctio nofthein clin atio nis sm auertha nthe w avelength witho utabs orptio n･
3, La7Ldsat m ea sll r eTn entS
The obliqu eplan eparalle s clo ud m odel des cri bedin C hpter2 is appliedto Lands ats atellitedata
ofahighr es olutio n, a ndthepres u mptio n ofoptl Cal1hickne ssis atte mpted. Thedatat}Sed is a s c en e
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in the w e ste m No rth Pa ci丘c Oc e a n o nJan u ary18, 191, a nd the radiatio n a nd mic rophysical
obs erv atio n of W CRP w ere done at a sim ulta n e o u spe riod. T he airc ra允 皿 e a Su rern e.ntS Sho w the
effe ctiv e r adiu s ofclo udparticlesW a s5pn ･ W he nthe satellitepass edsky,the s ola r a zim utha ngle
i560 degrees andthe a zim uthangleis141 degrees･ The se n sor used isC harln e1 4(0.86叫n)a nd
cha n n el7(2･2pin)ofT M, andthe re s olutio n of the s en s o ris30m . The are awi tholt the spa c e ofthe
clo ud w as cut o ut 血) m o n e s c en e. Ass廿 m lng effe ctiv eradiu sto be 5･OLLln didpthe radiatio n
c alc ulatio nfo rthe e ntir ethe s c ehe, a nd u singthe obliqu epla n epar allelclo ud m odel. Figu r e1
sll O W SLands ats atellitedata andthe re s ult ofthe r adiatio n c alc11atio rL/La nds ats ateuitedataha s
be en instaued alrn o st c o mpletely in the lattic e of the c alculatio n r estllt The 1-dtio of effe ctive
gr adient ofO･86Ll m and 2･2LL m hasbe en.calc ulated her e as0.65:i.0. Figur e2ais apICtl N eOf
optlC althickn e ss, a nd, Figu re2bi5 aPICtu re Ofeffe ctiv egradiel)t･ M akingltCle arisfr om Figur e3
tothe rern o v alofthe effe ctthat the refle ctio nlight o nthe side wherethe sunlightishitstrerlgthe n s,
a ndthegoodreproductio n ofopti c althickn e ss. 1t w a s c o nfir m edthatbias, which dependedon the
dire ctio n ofthein cide n c e ofthe s u nlight, had dis appe ar ed asa r es t]1t oftw o dim e n sio n sFo u rier
spe ctm m a n alysts.
4. M o nte Ca rloSim uhtion
Usingthe Mo nte Ca rlo m ethod, theplan eparallelclo ud m odelwhichin clin es atthe r adiation
s c e n e ofa ninho 皿Ogene O u S Clo ud is applied, a ndthepr es u mptio n r esult ofoptlC althickn essis
v erified
,
r epr odu c esthe r adiatio n s c e nofa n otho m ogen eo us clolld. M or eo v er, o r Lly whe nthe
right underis s e enin Lands at s atellite data, the dir ectio n where s c ateringfo m ard and a r e ar
s c atte n ng are s e e nis v erified in the Mo nteCa rlo method sim ulatio n. Sa m e re s olutio n of 30m a s
La nds ats atellitedata w a sgiv e ntO theM o nteCa rlo c alculatio n, andthe are a of2 56x256pix els w as
calc ulated. Effectiv e radiu s differed Ro n the tim e of.Landsat s atellite
,
a nd as sdm ed 10トL m .
1.000, 00, 00n u mbers ofphot ons were turn ed o nto adjustthe c alc ulation a c c u racytol% . The
estim ate ofopticalthickn essbythe obliqu eplan epar allelclo ud m odelcan r epr odu ce adire ctio n of
tll e n adir vie w lllgjo r w a rds c atte n ng vie w i ng, a nd aba ckw ardsc atte n ngvie w lng Very Well. The
ratio of effe ctiv egr adientis O･5
.
･1
.0in nadir, 0.75: 1.0in for w ard s c attering and 0.4: 1.0 in
ba ckw ards c attering. The r atio ofeffectiv egr adielltisdiffereTItdependingo ntile Viewingdire ctio n.
The re as o nisthat the s catte red 加que ncyln C re a S eSin ba ckw ards c atterl ng, a ndtheinnu e n c e of
abs orptio n str engthe n s a nd the s c attered frequ e n cy de crea s es in sc attering fo rw ard, a nd the
influ en c e ofabs orptio n W e ake n s.
5･ Stl m m a ryaTld Co n clllSio TLS
A m etll Od ispres e nted fordete rmin lngthe optic althickn ess of horiz o ntallyinl1 0 皿 Oge n e O u S
clouds 缶o m refle cted s ola r radiation me as u rem ents. An oblique plane par allel m odel whose
llO rm alistilted in a v ertic alpla n e,in cltldingdir e ctio n ofs olarin cidellt,is u s edto repr es ellt the
v ariatio n ofin cidents olarradiatio n o nthe clo uds u rfa c e and horiz o ntallytr a n spo rtedr adiatio nin
the clo ud layer. A n e wpar a m eter ofeffe ctiv egradie ntisdefin ed as a n obliqu e angle ofthe pla n e
par auelm odelandthepa r a m et ris n otJu st thegradie nt ofr e alclo uds u rfa c ebutlT10dified wi th
horiz o ntally c o n v erge n c e o rdiv e rge n c e ofr adiatio n. A clo udpix eltiltedto the s olardir e ctio n
re c eiv es m or e solar r adiatio n o nthe su rfa c etha n ale velclo udpix elandthispo sitiv egr adie ntclo ud
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e nhan c esthe reflected r adiatio n b血 1o s e sthe radiatio n wi ththe horiz o ntally diverge n c ein the
obliqu e clolldlayer, Underthe as s u 皿Ptio nthatthe effe ctiv eparticle r adius ofclo udsis c o n stant
in the clotldlayer,the optic althickne ss ande飴 ctiv egr adient ofclo udsin the in depe=ldentpIX els of
s atellite s c e n e c anbe deter mined 丑･o m r efle ction 免1nCtion rn e a stu e m e nts at w e ak abs o rbing
w a velength･(0.86p. m) and abs o rbing w avele ngth(2･16LL m). Horiz o ntally c o n v erge n c e a nd
div erge n c e ofr adiatio n at w e akabs o rbing w avele ngth islargertha nthat ofabs o rbing w a v el ngth
s othe effe ctivegr adients of O･86LLm W av ele ngths ar e s m allertha nthatof 21 6pm , 1n o rderto
r edu c ethe tlnkn0 wn V ariablesto tw o, this m ethod asslコm eSthat the r alio of the effe ctiv egr adier[t
betw e e nthetw o w av elengthsis urLifor mfor v ariation ofthe optlC althickn es s a ndeffe ctiv egradient
ofclo uds･ Applyingth is m ethodto L ands at TM m e a s u re m erltS, W e r e c ogn i z ethatthe effe ctive
gr adie ntatO186pm is s m allerthan at21 6pm andthe effe ctiv egr adie ntr atiois e stim atedtobe
0.65fo r n adirvie w with oblique sun(Oo = 60
o
)･ Jay applying the effe ctiv egradie ntr atio tothe
obliqu epla ne parauel m odel, the a n alystsPro vides ago od e stim ate of the optic althickn e ss a nd
effe ctiv egradie ntofclo ud.
h addit onto La nds atTM m e as u r e m erltS, a n an alysIS Ofthefo r w arda nd ba ckw ards c attered
r adiatio n丘eldofa 企a ctalclo ud m odelis c arried o utu s ing aM o nteCa rlo sim ulatio n s. 1tisshow n
that a go od agre eln e ntbetw e e n e stim ates a nd origln als ofthe optic althickn e s ofclotld c anbe
obtain ed andthe effe ctiv egradie ntratiois s m allerin theba ckw a rd vie w and la rgerin thefo r w a rd
vie w tharlin the n adirvie w.
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Figu re1. The o r etic alrelatio n shipsbetw e e nthe r e凸e ctio nfu n ctio n atO･86 岬 I a nd2-2 岬 1fo r
v ario u s valu es ofthe cloudoptic althickn ess alldeffedtiv egr adie nt. Data丑o m Lands atT Ms enso r
are s uperimpo s edo nthefigur e(18 June1991).
Figu re21 Im ages of optic al thickne ss(a) and effe ctiv egradie nt(b)retriev ed 丑･o m a s ce ne of
Lands at T Ms e n s or u singthe obliqu eplan eparallelclo ud m odel.
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